Summary. 4 years after controlled clinical treatment with a 1000 calorie mixed diet, 24 patients were reinvestigated to assess (1) whether the improved metabolism, as observed during therapy, is merely the result of starvation and (2) to what extent this improvement continues beyond the time of dietary treatment. --The following tests were carried out: Oral G.T.T. (100 g), immunoreactive insulin, free fatty acids, free glycerol. triglycerides, cholesterol, acetoacetate and beta-hyclroxy: butyrate. --12 patients had been able to maintain their weight or reduce further. They showed a slightly improved glucose tolerance and a more normal secretion kinetic for insulin release. However, 12 individuals who were found to have a 35% weight gain (Broca), returning almost to their initial weight, showed a decreased glucose tolerance compared with previous examination, while insulin levels were slightly elevated, with a typically delayed secretion. Both groups showed a weight-independent elevation of cholesterol and triglyceride levels and a marked decline of plasma FFA, free glycerol and ketone bodies. The parameters of lipid metabolism may possibly be influenced by the composition of the diet, while a change of weight after reduction primarily affects blood sugar levels and, to a lesser extent, insulin levels.
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Previous investigations of metabolic activity during weight reduction have been limited to the time of dietary treatment, leaving unanswered the question of maintained therapeutic effect following this period. Furthermore, it could not be ascertained whether an improved metabolism in obese subjects was the result of slight hunger or weight reduction. For this reason we have carried out comparative follow-up studies in patients we reported on earlier [27] .
Patients and methods of investigations
In our obesity clinic 37 out-patients with constant weight were investigated [27] . 4 years after the controlled clinical treatment they were requested to reattend. One patient had died in the meantime, 3 patients refused reexamination and 13 did not reply to our letter. 4 patients of the present group (n = 24) had also been examined previously, but were not recorded in the preceding publication.
The patients were requested not to alter their eating habits on the day prior to the examination; metabolic changes due to illness, medication or fasting were excluded on questioning. The weight was determined as on initial examination. According to previous investigations, the following tests were performed fasting:
1. (100 g) --glucose tolerance test (o.GTT), [41] .
2. Free fatty acids (FFA), [9, 30] .
3. Free glycerol [23] . 4. Triglycerides [24] . 5. Total cholesterol. 6. Acetoacetate (AeAc), [44] .
* We are grateful to the "Deutsche Forschungsgemeinschaft" and the ~ fiir Forschung, Nordrhein-Westfalen" for grants which made this work possible.
7. Beta-Hydroxybutsa'ate (HBS), [44] . 8. Immunoreactive insulin (IRI), [17] .
Intravenous glucose tolerance tests and measurements of insulin-like activity with the fat pad and muscle assay were not carried out.
The results obtained in 24 patients at the initial investigation were compared with those of follow-up studies. They are given as the mean value with standard error of the mean (:~ ~= SEM). The number of investigations is given in brackets. The statistics of paired comparison were made with the aid of Wilcoxon's test [45] .
The patients who successfully kept their weight during the years after treatment (~ ~ 8) or were able to reduce further (n = 4) were compared with those who gained more than 10% of the normal weight according to Broea (n = 12). The analysis of eating habits revealed that only 5 patients adhered to a strict diet consisting of 1500 calories daily, 8 patients had a calorie intake of about 2000, 9 reported a moderate reduction of food intake, 2 ate according to their appetite. Table 1 shows that most patients were women with at least 30 % overweight, aecordhlg to Broca (average + 69 =~ 6 %), before treatment. After the overweight had been reduced by half (~-38%), an 11% weight regain (Broca) had resulted within 4 years after the dietary regime was terminated. Half of the patients of that group had maintained their weight or reduced further. The fact that the mean overweight decreased, in spite of the weight remaining stable, is due to growth of the younger patients. Five individuals reached their initial weight, only two exceeded it again.
Results
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Patients with subclinical diabetes (n = 12) showed a mean weight loss of 22.1 kg; metabolically healthy subjects (n=12) a loss of ~6.2 kg. The last group showed a subsequent weight gain of 7.0 kg, those patients with impaired carbohydrate metabolism had a mean weight gain of 9.8 kg.
elevated. However, constant weight was related to further improvement of carbohydrate tolerance. Fig. 2 shows that weight change and alteration of fasting blood sugar after dietary therapy are significantly correlated, although there is considerable variation of the values. 
Glucose tolerance
The group regaining weight showed a marked deterioration of carbohydrate tolerance as compared with the previous investigations (Table 2 , Fig. 1 ). All blood sugar levels after 100 g glucose p.o. were clearly Influence on fat metabolism a) Free fatty acids and free glycerol in fasting serum ( Table 2 , Fig. 1 ): FFA concentrations changed only slightly with the reducing diet; a definite elevation of FFA, as evident in periods of fasting, was not observed. Both groups showed a subsequent siguificant decrease with a return to normal values. At the same time, both groups showed a decline of plasma glyeerol although, normal results had not quite been reached. b) Cholesterol and triglyeerides in fasting serum ( Table 2 , Fig. 1 ): Cholesterol as well as triglyceride levels, which had shown a slight decline during treat~ ment, increased significantly. Since both groups were affected, the increase appears to be weight-independent.
c) Ketone bodies in fasting serum ( Fig. 1 ): Ketone bodies during reducing therapy were only observed in 9 persons and a slight decrease was noted which continued further. On account of the small number of patients, a subdivision according to weight change was not made.
Influence on serum insulin results
For better comparison, the insulin values obtained at the present investigation were measured together with serum samples previously obtained during the weight reduction period. The results obtained on the latter samples were found to be similar to those reported earlier [27] . In response to a glucose load, there was a typical elevation of insulin levels with delayed to the normal pattern. Maximal values were observed at 60 rain followed by a definite drop after two hours. However, in patients who had regained weight, there remained a delayed maximum and moderate decrease, typically seen in obesity. a Basal values b After 100 g of glucose by mouth c Significances of paired comparison: * = p<0.05, ** = p<0.02, *** = p<0.01 a According to [27] and enhanced secretion, as well as reduced decline after 3 h, ( Table 2 , Fig. 3 ). At the end of therapy, the sub-group with slight weight change showed a slightly increased insulin secretion after glucose and a secretion kinetic similar
Discussion
The beneficial effects of weight reduction on the parameters of carbohydrate and fat metabolism have been well documented [3, 5, 12, 14, 15, 18, 19, 20, 21, Psychological investigations of obese persons [1, 43] have shown that those subjects who lost. weight rapidly during therapy, i.e. who were particularly cooperative, are less able to resist influences in their environment, leading to obesity and therefore show a greater tendeney to increase subsequently in weight. This fact is confirmed by the present results. While the group with severe obesity showed a reduction of 22 kg during therapy, which is far above that of the other group with a weight loss of 16 kg (Table 1) , it, gained subsequently much more weight (@ 16 kg) than the other group (~ 0 kg).
It is also interesting that weight changes appear to be related to carbohydrate tolerance. While experiments with tow calorie diets and appetit~ suppressors [26] have sho]~ a tendency for overt diabetics to react less favourable to treatment than non-diabetics, the present investigations showed patients with impairment of glucose tolerance ~o have a mean weight loss of 22.1 kg as compared with metabolically healthy individuals who had lost 16.2 kg. This is possibly dependent on a stronger motivation. Similarly, the beneficial role of motivation in dietary treatment has been observed in pilots [22] .
Carbohydrate metabolism
Follow-up tests showed that in the group ~dth a :marked gain in weigh~ blood sugar during the oral G. T. T. clearly exceeded the levels at the beginning of the study. This result is remarkable, since mean body further supported by the fact that the number of subelirheat diabetics in the group of patients with weigh~ regain increased from 3 to 9, thus being higher than before dietary therapy, while the other group showed no significant change. It is therefore also unlikely that the significant deterioration of glucose tolerance in the group regaining weight is a consequence of the subjects now being 4 years older [4] .
For the total group a significant correlation (r-----0.46, p < 0.025) can be established between long-term weight change and alteration of fasting blood sugar, as we described previously in diabetics [28] .
These findings support the long-term effect of "relative body weight" upon glucose metabolism indicating that, partial regain of body weight can induce marked deterioration.
A clear difference between the sub-groups, as observed for glucose tolerance, could not be demonstrated with triglyeerides and cholesterol. During the follow-up period the results increased beyond the initial value in both groups; however, the elevation was only statistically significant in the sub-group with weight regain. It remains questionable as to what extent the increase in age [39] and the quantitative and qualitative change of food, which proved difficult to record, may have inttueneed these results. Ohlson stated that weight reduction lowers tipids only temporarily [33] .
Free fatty acids, free glycerol and ketone bodies
The decrease of fasting levels of free fatty acids and of free glycerol continued in both groups, but in the group with weight regain there was a diminished effect. Ketone bodies could only be determined in some patients; consequently, only a small number could be followed up and this prevented further subdivision. The ketone bodies as well as the serum concentration of glycerol and free fatty acids decreased further in the total group. These four parameters, which most likely reflect the actual metabolic situation at the time of the blood test, as compared with the slower reacting blood sugar, triglyceride and cholesterol concentrations, were not influenced by the gradual change of weight. The nutrition prior to testing appears to be a decisive factor. The behaviour of the ketone bodies shows that the latent state of hunger at the end of the reducing period was no longer present at the time of follow-up examination.
Serum insulin
With the determination of insulin levels certain difficulties were encountered. It is known from publications by Powers et al. [34] that extended storage of serum leads to altered insalin-like activity results. In addition, repeated thawing or freezing may interfere with the determination. In spite of these implications, we felt that IRI determinations on serum obtained before the follow-up study should be repeated. In general the quoted results in Fig. 3 and Table 2 do not differ much from the original estimations.
Summarizing, it may be concluded that in the group with slight weight change, no significant alteration of serum insulin levels was noted, nor did this group show a clear alteration of the adaptive hyperinsulinism. The sub-group with marked weight gain during the follow-up period had showed, subsequent to extensive weight loss, a definite decline of serum insulin levels; during the subsequent weight increase the I1~I levels ranged between the values before and after dietary therapy, i.e. the serum insulin levels were proportional to the extent of the alteration in weight. Similar findings were reported by us in earlier investigations [27] . The changes in blood glucose were more pronounced than those in serum IRI. It appears that the secretion kinetics were near normal in patients who maintained their weight reduction. After weight increase, the typical reaction characteristic of obesity was clearly demonstrable. These investigations do not permit a conclusion as to the origin of hyperinsulinism [6, 7, 20, 21, 27, 32, 37, 38 ]. An increased 'resistance' may be of prime importance [2, 8, 13, 16, 35] .
In conclusion, our investigations reveal that weight change after dietary therapy influences primarily the blood sugar level, secondarily the serum insulin secretion. The level of serum cholesterol and triglycerides rose and this was little modified by the alteration of weight. It is suggested that blood lipids may primarily reflect the dietary intake.
It would be desirable to supplement these investigations with long-term studies, incorporating other methods of weight reduction (fasting, appetite suppressors, fat-increased diet).
